Abstract: Two Schiff bases were synthesized from raceacetophenone: 1) ADS1: 4-ethyl-6-{(E)-1- [(3-nitrophenyl)imino]ethyl}benzene-1,3-diol and 2) ADS3: 4-ethyl-6-{(E)-1-[(2-nitrophenyl)imino]ethyl}benzene-1,3-diol. Then their metal complexes were formed. The metals selected for the preparation of complexes were copper, nickel, iron and zinc. Hence, in total 8 metal complexes were synthesized and screened for antibacterial activity against some clinically important bacteria, such as Pseudomonas aeruginosa, Proteus vulgaris, Proteus mirabilis, Klebsiella pneumoniae and Staphylococcus aureus. The in vitro antibacterial activity was determined by the Agar Ditch technique using DMF (polar) and 1,4-dioxane (non polar) as solvents. The Schiff bases showed greater activity than their metal complexes; the metal complexes showed differential effects on the bacterial strains investigated and the solvent used, suggesting that the antibacterial activity is dependent on the molecular structure of the compound, the solvent used and the bacterial strain under consideration. The Schiff base ADS3 in the polar solvent DMF showed better antibacterial activity towards the investigated bacterial strains. Amongst the four metals, Zn showed the best antibacterial activity followed by Fe in 1,4-dioxane while Ni followed by Zn and Fe showed the best antibacterial activity in DMF. P. vulgaris was the most resistant bacteria.
INTRODUCTION
To overcome the alarming problem of microbial resistance to antibiotics, the discovery of novel active compounds against new targets is a matter of urgency. Many of the crude drugs, which are sources of medicinal preparations, still originate from wild-growing material. However, plant-based drugs have shortened the life span of the source of material. There is a continuous search for more potent and cheaper raw materials to feed the industry.
Compounds, which on dissolution do not give ions of which they are made but instead give complex ions are called co-ordination compounds. Co-ordination compo-unds exhibit different characteristic properties which depend on the metal ion to which they are bound, the nature of the metal as well as the type of ligand, etc. These metal complexes have found extensive applications in various fields of human interest. The nature of a coordination compound depends on the metal ion and the donor atoms, as well as on the structure of the ligand and the metal-ligand interaction. 1 With increasing knowledge of the properties of functional groups, as well as the nature of donor atoms and the central metal ion, ligands with more selective chelating groups, i.e., imines or azomethines which are more commonly known as Schiff bases, are used for complex formation studies. Schiff bases have been studied extensively because of their high potential chemical permutation. Magnetic susceptibility, absorption spectra, elemental analysis, molecular weight determination, conductivity, thermal analysis of many Schiff bases and their complexes have been reported. [2] [3] [4] [5] [6] [7] [8] [9] Several workers also studied their biological properties, such as antibacterial, antifungal, etc., activities. [10] [11] [12] [13] It is reported that the rapidly developing field of bioinorganic chemistry is centered on the presence of coordination compounds in living systems. 14 In the present work, complexes of Cu(II), Ni(II), Zn(II) and Fe(II) with two Schiff bases have been synthesized. Their structures were confirmed by IR and NMR spectral analysis. Further, their antibacterial activity towards some clinically important bacteria was evaluated.
EXPERIMENTAL

Synthesis of Schiff bases derived from raceacetophenone
where for ADS1: R = m-NO 2 : % Yield, 54.38; 4-ethyl-6-
Metal complexes of Schiff bases
The metal ion is bonded by coordinate bonds through the imino nitrogen and the O of the phe-nolic -OH group. The metals selected for the preparation of the complexes were copper, nickel, iron and zinc. The synthesis of metal complexes was studied at different pH values. For different metals, the maximum yield was observed at different pH values. The pH of maximum yield was selected for the synthesis of each complex. For each metal complex, different metal salt solutions were prepared. The solutions used for the synthesis of the copper, nickel, iron and zinc complexes were cupric chloride, nickel chloride, ferrous ammonium sulphate and zinc chloride, respectively.
Synthesis of copper complexes
0.1 M solution of ligand and cupric chloride were prepared in 1,4-dioxane and distilled water, respectively. Acetic acid and sodium acetate were added to the cupric chloride solution to maintain the pH (6.5-7.0). The ligand solution was added dropwise to the metal ion solution. A dark brown precipitate was obtained. The pH of solution was maintained by the buffer solution and the solution was refluxed for 4-5 h in a water bath. The precipitate was filtered and washed, first with 1,4-dioxane and then with hot water to remove excess ligand and metal ions, respectively. The precipitate was then dried.
Synthesis of nickel complexes
0.1 M solution of ligand and nickel chloride are prepared in 1,4-dioxane and distilled water, respectively. The ligand solution was added dropwise to the metal ion solution. The pH was maintained between 10-10.5 by adding ammonium hydroxide. A yellowish orange precipitate was obtained on refluxing the solution on a water bath for 4-5 h. The precipitate was filtered and washed with hot water and 1,4-dioxane to remove excess ligand and metal ions, respectively. The precipitate was then dried.
Synthesis of iron complexes
0.1 M ligand solution in 1,4-dioxane was added dropwise to a 0.1 M ferrous ammonium sulphate solution in the presence of a buffer solution (ammonium hydroxide + acetic acid) to maintain the pH between 7-7.5. The solution was refluxed for 5-6 h. The formed yellowish brown precipitate was filtered, washed with hot water and 1,4-dioxane to remove excess ligand and metal ions, respectively. The precipitate was then dried.
Synthesis of zinc complexes
0.1 M ligand solution in 1,4-dioxane was added dropwise to a 0.1 M zinc chloride solution in presence of buffer solution and ammonium hydroxide to maintain the pH between 10-11. The solution was refluxed for 4-5 h in a water bath. The formed brown precipitate was filtered, washed with hot water and 1,4-dioxane to remove excess ligand and metal ions, respectively. The precipitate was then dried.
Antibacterial activity
Antibacterial activity was determined by the Agar-ditch method. 15 The investigated microorganisms were Pseudomonas aeruginosa, Proteus vulgaris, Proteus mirabilis, Klebsiella pneumoniae and Staphylococcus aureus. The compounds were dissolved in one of the two solvents (1,4-dioxane or DMF) to obtain a final concentration 1 mg/0.1 ml. A loop full of the given test strain was inoculated in 25 ml of N-broth (nutrient broth) and incubated for 24 h in an incubator at 37 ºC in order to activate the bacterial strain. 28-30 ml of the nutrient agar media was added into a 100 mm diameter Petri-plate. Inoculation was done by the Pour-plate technique. 0.2 ml of the activated strain was inoculated into the media when it reached a temperature of 40-45 ºC. The complete procedure of the plate preparation was done in a laminar airflow to maintain strict sterile and aseptic condition. The medium was allowed to solidify. After solidification of the media, a well was made in the plates with the help of a cup-borer (0.85 cm), which was then filled with one of the test sample solutions. Controls were run (for each bacterial strain and each solvent), where pure solvent was inoculated into the well. The plates were incubated for 24 h at 37 ºC. The inhibition zone formed by these compounds against the particular test bacterial strain determined the antibacterial activities of the synthetic compounds. The mean value obtained for three individual replicates was used to calculate the zone of growth inhibition of each sample.
RESULTS AND DISCUSSION
The molecular structure of the metal complexes was confirmed by IR and CHN analysis. Their data are given below: Metal ions play a vital role in a vast number of different biological processes through co-enzymatic systems. The interaction of these ions with biologically active ligands, for instance in drugs, is a subject of great interest. Some biologically active compounds act via chelation, but for most of them little is known about how metal coordination influences their activity.
The eight metal complexes and their respective controls produced different inhibition zones against the tested bacterial strains. The antibacterial activity of complexes of ADS1 and ADS3 and their metal complexes in DMF and 1,4-dioxane against P. aeruginosa is shown in Fig. 1 . Irrespective of the solvent used, the Schiff bases ADS1 and ADS3 showed considerably greater antibacterial activity than their metal complexes. Of the Schiff bases, ADS3 showed greater activity than ADS1 in both 1,4-dioxane and DMF. ADS3 showed greater activity in the polar solvent, DMF, than in the non-polar 1,4-dioxane. In DMF, the Ni complex of ADS3 showed the best activity against P. aeruginosa, followed by the zinc complex while in 1,4-dioxane, the best antibacterial activity was shown by the zinc complex. Thus it appears that the metal ion in the complex influences the antibacterial activity. In this study, four metals, viz. Cu, Ni, Fe and Zn, were used with two Schiff bases, i.e., ADS1 and ADS3. The growth of this gram-negative bacterium was inhibited more by the Ni complex.
The antibacterial activity agains the gram-negative bacterium K. pneumoniae is shown in Fig. 2 . Here also, the Schiff bases showed greater activity than their metal complexes. Both ADS1 and ADS3 showed very similar antibacterial activity in both DMF and 1,4-dioxane. In DMF, the Fe complex of ADS1 showed the greater antibacterial activity, followed by the Ni and Zn of ADS3, while all the other metal complexes showed negligible activity. In 1,4-dioxane, only the Fe complex of ADS1 showed antibacterial activity, while all the other complexes showed negligible activity. These results again suggest that the antibacterial activity is affected by the ligand, metal and the solvent used for investigation of the antibacterial activity.
The antibacterial activity against the gram-negative bacterium P. mirabilis is shown in Fig. 3 . Here also the Schiff bases showed better antibacterial activity than their metal complexes and the activity was greater when DMF was used as the solvent. ADS1 in DMF showed greater antibacterial activity than ADS3. Amongst the metal complexes, the best antibacterial activity was shown by the nickel complex of ADS3, followed by the Cu complex of ADS1 in DMF. In 1,4-dioxane, all the four metal complexes of ADS1 showed no antibacterial activity while only the Cu and Ni complexes of ADS3 showed slight antibacterial activity. These results against P. mirabilis again confirm the conclusions derived for K. pneumoniae.
The antibacterial activity of the synthesized metal complexes against P. vulgaris are shown in Fig. 4 . Maximum antibacterial activity was shown by ADS3 followed by ADS1 in 1,4-dioxane. In DMF, ADS3 showed no anhibitory activity while a slight ac-tivity was shown by ADS1. All the four metal complexes of both the Schiff bases in both the solvents showed negligible activity. Overall, it was observed that this gram-negative bacterium was quite resistant to the synthesized compounds.
The effect of the metal complexes on the gram-positive bacteria S. aureus is shown in Fig. 5 . The Schiff bases ADS1 and ADS3 showed more antibacterial activity in the non-polar solvent 1,4-dioxane and ADS3 showed more activity than ADS1. A different effect of the metal complexes was envisaged against this bacterium strain. In DMF, the Zn complex of ADS3 showed the best antibacterial activity, followed by the Fe complex of ADS1 and the Cu complex of ADS3. Also in 1,4-dioxane, the maximum antibacterial activity was shown by the Zn complex of ADS3, followed by the Zn and Fe complexes of ADS1. Minimum antibacterial activity was shown by the Cu and Ni complexes of ADS3.
From the above results, it can be concluded that the Schiff base ADS3 is better than ADS1 and, apparently, the polar solvent DMF is better for antibacterial activity of the investigated bacterial strains. Amongst the four metals used for complexation, Zn showed the best antibacterial activity followed by Fe in 1,4-dioxane while Cu and Ni showed no antibacterial activity. In the polar solvent DMF, Ni followed by Zn and Fe showed the best antibacterial activity. Cu showed no antibacterial activity.
It is generally observed that metal chelates have higher antibacterial activity than the free ligand. This is because of an increase in cell permeability. The lipid membrane which surrounds the cell favours the passage of only lipid soluble materials and it is known that liposolubility is an important factor controlling antimicrobial activity. However, in the present study the cell permeability was perhaps not affected and hence lower activity of the metal complexes is visualized. Another 742 reason for the lower activity of the metal complexes may be because of the lower lipophilicity of the complexes, because of which penetration of the complexes through the lipid membrane was decreased and, hence, they could neither block nor inhibit the growth of the microorganisms. This once again confirms our earlier conclusion that antibacterial activity is dependent on the molecular structure of the compound, the employed solvent and the bacterial strain under consideration. 15, 16 Such screening of various organic compounds and identifying the active agents is essential because the successful prediction of a lead molecule and the drug-like properties at the onset of drug design will pay off later in drug development. [ifove baze su pokazale ve}u aktivnost nego metalni kompleksi; kompleksi su pokazali diferencijalne efekte prema ispitivanim bakterijskim sojevima i kori{}enom rastvara~u, {to sugeri{e zakqu~ak da antibakterijska aktivnost zavisi od molekulske strukture jediwewa, rastvara~a koji se koristi i soja koji se ispituje. [ifove baze ADS3 u polarnom rastvara~u DMF pokazale su ve}u aktivnost prema isptivanim sojevima. Od~etiri metala u 1,4-dioksanu najve}u aktivnost pokazao je Zn, a zatim Fe, dok je u DMF najaktivniji bio Ni, pa onda Zn i Fe. P. vulgaris je bio najrezistentnija bakterija.
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